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ABSTRACT
This study entitled "Effect of bacterial load and probiotics on 
sustainability o f microalgal cultures” was carried out with tiie objective* of (1) 
investigating the bacterial diversity in microalgal cultures (2) to find out the bacterial 
load transferred to marine lan/al rearing systems via microalgal feeds and also (3) to 
study the effect o f addition of a probiotic to microalgal cultures on its bacterial 
diversity, grovirth and sustenance.
For fulfilling the objectives two experiments were devised and executed. 
In the first experiment two microalgal species, the flagellate tsochrysis galbana and 
the diatom Chaetoceros sp. were maintained as 250 ml cultures and their growth and 
bacterial diversity was measured. In the second experiment, the probiotic yeast 
Saccharomyces boulardii was added in lO** CFU/ml concentrations either as a single 
addition (Treatment SA) or as a daily addition {Treatment DA) to Chaetoceros species, 
culture. All treatments were made in triplicate and a control without addition of 
probiotic was maintained. The algal cell density in the culture flasks was taken daily 
and the total aerobic flora (on SWA), total vibrios (on TCBS) and total yeasts (on 
Sabouraud agar) were assessed on specific days. Results indicated that the 
experimental cultures showed all the typical phases of microalgal growth ie, lag, log, 
declining, stationary and death phases. The study shows that if microalgal cultures 
are used when they are In the log and stationary phase rather than in the declining 
phase, the amount of bacteria added to the larval culture medium can reduced by 3-4 
orders of magnitude. All the measures of bacterial diversity except species richness 
showed and an increasing trend with increasing algal density in both C/7aefoceros and 
Isochrysis galbana cultures. There was marked clustering o f bacterial taxa during lag, 
early log. peak log and death phases in the microalgal cultures tested. The addition of 
the probiotic yeast S. boulardii in treatment SA resulted in significantly (P<0.01) 
improved algal growth rates with prolonged log and stationary period, when compared 
to control and treatment DA
The mean total aerobic flora showed a steeply increasing trend in 
control and DA treatments, while the trend in SA treatment was that of slow increase. 
The hierarchical cluster analysis showed remarkable differences between treatments. 
There was a marked increase in the similarity percentage of bacterial clusters 
indicating a much better discrimation of bacterial taxa in treatment SA as compared to 
control.
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INTRODUCTION
1.0 INTRODUCTION
Algal aquaculture worldwide is estimated to be a US$ 5 billion per year 
industry. The largest portion of the industry is represented by macroalgal production 
for human food in Asia, South America and Africa. Microalgal aquaculture is much 
smaller in economic impact but it is the subject of much research. Microalgae are 
cultured for direct human consumption and for extractable chemicals but current use 
and development of cultured microalgae is increasingly related to their use as feeds 
in marine animal aquaculture (Wikfors and Ohno, 2001).
Unicellular marine algae are widely used as food in the hatchery 
production of commercially valuable fish and shellfish. Oysters and clams feed by 
filtering them from seawater. Rotifers and brine shrimps also ingest algae and are 
then themselves used as food for larval fish and prawns. In some systems algae are 
added to the water containing fish or prawns to improve its quality. Hence, the 
culture of microalgae is an essential prerequisite fo r the rearing operations of 
economically important cultivable organisms in a hatchery system.
Marine microalgae are single celled plants and like all plants, contain 
chlorophyll, which traps the energy from light and uses it to convert nutrients and 
carbon dioxide in the seawater into organic growth. In the laboratory, or hatchery, a 
collection of algal cells, which are growing and dividing, is known as culture (Laing, 
1991).
In microalgal culture the most important parameters that regulate its 
growth, are 1) Nutrient quality and quantity 2) Light, 3) pH, 4) Turbulence, 5) Salinity 
and 6) Temperature. The ranges o f optimal environmental conditions for culturing 
marine microalgae are temperature- 18-24°C, salinity- 20-24 ppt, light intensity- 
2500-5000 lux, photoperiod- 16L: 8D and pH- 8.2-8.7.
Several methods have been developed for production of algae for use 
as food for various marine animals and their larvae. The terminology used to 
describe the type of algal culture includes the following.
1) Indoor/outdoor - Indoor culture allows control over illumination, temperature, 
nutrient level, contamination with predators and competing algae, whereas 
outdoor algal systems make it very difficult to grow specific algal cultures for 
extended periods.
2) Open/closed - Open cultures such as uncovered ponds and tanks (indoors or 
outdoors) are more readily contaminated than closed culture vessels, such as 
flask, carbouys, bags etc., which are always kept dosed either by plugging 
with cotton or by any other means.
3) Axenic (=sterile)/xenic - Axenic cultures are free of any foreign organisms 
such as bacteria and require strict sterilization of glass wares, culture media 
and vessels to avoid contamination. The latter makes it impractical for 
commercial operations.
Five phases have been recognized during the growth of an algal culture (Gopinathan, 
1996). They are:
I. Lag or Induction phase: The cells taken from the stock culture room and 
inoculated to a new flask have to acclimatize to the surroundings or to the new 
medium. Hence there will be no cell division for a few hours and this stage Is 
known as lag or induction phase
II. Exponential (Log) phase: Once the cells are acclimatized to the surroundings, 
they start multiplication and grow rapidly. It is assumed that within 8-16 hrs, 
the ceil will divide into 2 and further these cells carry on the grov\rth till the 
culture reached its maximum concentration. This growing phase is known as 
exponential phase.
III. Declining phase: Once the cells reach its maximum concentration, the growth 
and multiplication of the cells will be arrested and slowly the cultures show the 
symptom o f decline. This arrested growth of the cells on the culture is known 
as declining phase.
IV. Stationary phase: After the arrested growth the culture will be stationary 
without any further cell division for a few days. Actually, stationary phase is a 
prolonged one in the case of flagellates. For this they may develop some
cover or cyst or matrix around its body for thriving in the unfavourable 
conditions. In the stationary phase, if the cells get a new environment they 
start further growth and reproduction.
V. Death phase: After a long period in the stationary phase, the cells lose its 
viability and start to die and thus the culture becomes useless, either for 
reculturing or for feeding.
In mass culture, the main problems of microalgal production are cost, 
growth and harvesting and predator infestation. In laboratory culture growth of 
microalgae is highly inconsistent with frequent collapse of cultures due to ciliate 
infestation, bacterial load and lack of appropriate controlled condition like 
temperature, pH, light intensity etc. The economic loss in hatcheries due to collapse 
of microalgal cultures is difficult to quantify but is known to be substantial.
Improvement in the growth o f some microalgae has been demonstrated 
when bacteria are present. Enhanced growth of the microalga Tetraselmis chuii was 
obtained when cultured with bacteria commonly found in its culture (Canizares- 
Villanueva et al., 1993). The same effect was observed for Chaetoceros gracilis then 
grown with Flavobacterium  sp., wherein significant improvement in the specific 
growth rate of the microalga was obtained and the stationary growth phase lasted 
longer (Suminto and Hirayama, 1997). However, these authors did not find the same 
improvement for Isochrysis galbana or Pavlova lutheri, which point to a species -  
specific relationship.
In livestock nutrition, growing public disquiet over the use of 
antibiotics in feed additives has encouraged commercial interest in probiotic as an 
alternate therapy. So in a wide sense, probiotics is often used as an opposite of 
antibiotics i.e. as a promoter of life. Probiotics are defined as "A live microbial feed 
supplement, which beneficially affects the host animal by improving its intestinal 
microbial balance” (Fuller, 1989).
The sole purpose of probiotics is to promote colonization of desirable 
bacteria in the gut by application of live microorganisms from either, indigenous or 
exogenous sources. In othenword, probionts are organisms, which contribute to 
intestinal microbial balance.
It is possible for probionts, through oral administration, in effective 
doses, to establish and eventually colonize the digestive tract, increase the natural 
flora of digestive tract,- and to prevent colonization o f pathogenic organisms, thus 
promoting optimal utilization of the feed. Most commonly used probiotics in animal 
nutrition are LAB or lactic acid bacteria (e.g. Lactobacillus acidophilus and 
Streptococcus faecium  etc.) and some strains of Bacillus sp. The search, for- new 
probionts with additional benefits is continuing in many laboratories around the world. 
These probionts have numerous mechanisms or mode of action. Few of them are 
listed below.
1. Probiotics inhibit the proliferation of pathogenic bacteria by producing organic 
acids and antibiotics substances or by reducing the pH.
2. Probiotics prevent the adhesion of pathogenic bacteria by producing Hydrogen 
peroxide (H2O2)
3. Probionts produce certain metabolites, which are able to neutralize bacterial 
toxins in situ.
4. Probionts help to prevent pathogenicity and by their own enzymes.,-increase 
the digestive utilization of feeds or detoxify injurious metabolites from the flora.
Therefore probionts not only inhibit the proliferation o f pathogenic 
bacteria but also improve nutritional value of food by increasing feed conversion 
efficiency (FCE) and live weight gain as well as stimulation of non-specific immune 
response.
Microalgal cultures are a virtual storehouse of various microorganisms 
and therefore by feeding microalgae to marine larvae we inadvertently transfer these 
potential pathogenic microorganisms to the culture medium. The consequences are 
well known, with low survival and poor quality larvae, besides failure of microalgal 
cultures due to overgrowth of microorganisms.
The main objectives of the study are:
1. Investigations on bacterial biodiversity in microalgal cultures and study of their 
role in sustaining of microalgal cultures.
2. To find out under standard culture condition, the bacterial load.that is 
transferred to larval rearing systems through microalgal cultures.
3. Study the effect of addition (singly and daily) o f probiotic yeast to microalga! 
cultures on its bacterial biodiversity and sustenance.
The two microalgae species used for the culture experiments are 
Isochrysis galbana and Chaetoceros sp. while the former Is a flagellate, the latter Is a 
diatom. Isochrysis Is used as the main food for the larvae of bivalves in molluscan 
hatcheries. In shrimp hatcheries Chaetoceros is mainly used for feeding the 
developing stages of shrimp larvae. The probiotic experiment was carried out only 
with Chaetoceros sp.
In the present experiment the probiotic yeast Saccharomyces 'boulardii 
(SB) was used to study its effect on other microorganisms in the algal culture, medium 
and also to study its overall effect on growth and sustenance of the microalgal 
culture. SB is nonpathogenic yeast, isolated from lychee fruit, used to treat Intestinal 
illnesses due to Clostridium difficile-induced pseudomembranous colitis and antibiotic 
associated diarrhoea in humans, This yeast is well suited as a treatment agent 
because it is able to achieve high concentrations in the colon quickly, maintain 
constant levels, does not permanently colonize the colon, and does not translocate 
easily out of the intestinal tract compared to other colonic flora. It is a lso ‘effective 
and safe for oral ingestion in case o f adults as well as children infected with acute 
diarrhoea. Although, it is used as both preventive and therapeutic agent for the 
treatment of diarrhoea caused by Vibrio cholera in human beings and farm animals, 
its use in aquatic organisms has been reported only in the live feed organism Artemia 
against V. han/eyi (Patra and Mohamed, 2003).
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2.0 REVIEW OF LITERATURE
Microalgae are indeed the biological starting point for energy flow 
through most aquatic ecosystems and as such are the basis of food chain fn many 
aquaculture operations (Bardach et al., 1972). Hence, maintaining algal cultures is 
an integral part of aquaculture. Marine microalgae are the main food source in 
production of larvae, juveniles and adults of bivalves and combination of several algal 
species are often used. Algal cells must be within an acceptable size, be non-toxic 
and have a digestible cell wall to be ingested and digested (DePauvi^ and Pruder 
1981). Cells must furthermore have a proper chemical composition to be a high 
nutritional value; microalgae are also supplemented to larviculture of marine fishes 
and comprise part of the diet of many freshwater and brackish water fishes. In 
addition to their nutritional support, supplementation of microalgae also has an 
impact on the composition of the bacterial community in the larval tanks (Tubiash et 
al., 1965; Bell et al., 1974; Kellam and Walker, 1989 and Reitan et al., 1994). 
Variation In these factors may also have an effect on the growth of bacteria 
associated with the microalgae.
The algae-bacteria Interactions are complex and can be recognized, as 
competition, commensalism or parasitism. Microalgae may promote and /or inhibit 
bacterial grov/th by production of organic exudates and toxic metabolites (Duff et al., 
1966; Kogure et al., 1979; Cole, 1982; Brock and Clyne, 1984). Bacteria on the other 
hand, may have a stimulating effect on the aigae through decomposition of organic 
metabolites or through the production of stimulative substances for algal growth 
(Delucca and McCracken, 1978; Riquelme et ai., 1988). During the initial growth 
phase of microalgae, the bacterial colony biomass increases exponentially at a rate 
comparable to the maximum specific growth rate (Pirt, 1967; Hattori, 1985; Salvesen 
and Vadstein, 2000). This relationship was used to obtain a rough estimate of the 
proportion of opportunistic fast growing bacteria by Salvesen and Vadstein (2000). 
The method relates only to cultivable bacteria and is based on the assumption that 
lag time is negligible to the time required to form a visible colony, which is not true for 
all species.
Marine microalgae are routinely monocultured in Japanese hatcheries, 
however, their population growth is often unstable, with their lag phases sometimes 
too long and their stationary phases sometimes too short (OI<auchi, 1991). These 
phenomena may be related to the propagation of unfavourable bacterial organisms in 
the cultures (Suminto and Hirayama, 1997). Several reports show that some 
bacterial strains isolated from the marine environment have suppressive or lytic 
effects on the growth of several marine species of microalgae {Sakata, 1990; Sakata 
et al., 1991; Imai et al., 1991; Mitsutani et al., 1992).
In contrast, other bacterial strains that promote the growth of marine 
microalgae were reported from laboratory investigations (Riquelme et al., 1988; 
Fukami et al., 1991; Suminto and Hirayama, 1996). However, cultures promoting 
bacterial strains have not been fully utilized in the practical mass production of 
marine microalgae. Suminto and Hirayama (1993) reported a direct relationship 
between diatom growth and bacterial population, in semi -  mass culture tanks of 
diatoms in an outdoor culture system.
Suminto and Hirayama (1993) isolated twelve bacterial strains from the 
semi -  mass culture tanks, and cultured in axenic condition, the diatom Chaetoceros 
gracilis together with each one of the isolated bacterial strains, to test their promotive 
and suppressive effects in diatom grovrth. They found only one bacterial strain that 
had a significant promotive effect in diatom growth. Suminto and Hirayama (1993) 
further tested the practical use of the growth promoting bacterial strain, 
Flavobacterium (strain DN-10) for stabilizing mass culture o f three marine microalgae 
in an indoor culture room.
Microalgae have been shown to have positive effects on fish larvae 
during first feeding, and this has been attributed to improvement in the nutritional 
quality of the live feed (Reitan et al., 1993) and to microbial factors (Skjermo and 
Vadstein 1993; Stottrup et al., 1995). Addition of algae to the water in-fish tanks 
alters the composition of the bacterial flora associated with larvae (Skjermo and 
Vadstein 1993; Bergh et al., 1994) and bacterial growth and composition of the flora 
in the water depends on both the algal species and state of growth of the algae 
(Salvesen etal., 2000).
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Many workers (Duff et al., 1966; Kellum and Walker, 1989; Austin and 
Day, 1990; Austin et al., 1992) have reported that the effect of microalgae on 
bacterial flora o f live feeds has so far not been studied well. One hypothesis is that 
microalgae contribute to a change in the bacterial composition of live feed organisms 
and also reduce its number by expelling the gut contents, which act as a substrate for 
bacterial proliferation. Algae can possibly also affect the bacterial community in the 
live feed by production of antibacterial substances, as reported for Tetraselmis.
Antibacterial activity is present in all algal classes and algal extracts 
have been shown to inhibit growth of several opportunistic pathogens of fish and 
shellfish; many o f them being assigned to the genera Vibrio (Visco et al., 1987; 
Austin and Day, 1990; Pesando, 1990; Austin et al., 1992; Naviner et al., 1999). 
Antibacterial substances are in general most abundant in slow growing cultures, as 
for example, in the early period of the stationary growth phase when the competition 
for nutrients is high due to high levels of both algae and bacteria (Borowitzka, 1995).
There are numerous reports relating to the stimulation o f bacterial 
growth by extra cellular products o f microalgae (Hellebust 1974; Servais and Billen 
1993; Munro et al., 1995; Rico-Mora and Voltolina 1995). In the case of Vibrio sp., it 
has been mentioned that the growth of the species is stimulated after the occurrence 
of microalgal blooms (Colwell 1984). It has also been reported that the bacterial flora 
associated with the microalgae Isochrysis tahitiana, a species that is used In 
aquaculture, does not include Vibrionaceae (Lodeiros, et al., 1991). Species of the 
microalgae Chaetoceros have been used widely to feed larval stages of penaeid 
shrimp, specially the protozoa stage. Commonly the algal density fed to the shrimp 
larvae is around 10® cells, ml’’ (Wyban and Sweeney, 1991) but varies with the lan/al 
stage. Microalgae used in shrimp hatcheries usually have a natural bacteria! load 
between 10^ and 10^ CFU ml“ ’ o f heterotrophic bacteria but Vibrios are rare. 
(Lizarraga-partida e ta l., 1997).
Whittaker and Feeny (1971) have suggested that marine bacteria are 
capable of utilizing algal extra cellular products and such a relationship between 
bacteria and planktonic algae may be deduced from the ability o f bacterial 
contaminants to grow in algal culture (Vela and Guerra, 1966; Berland et al., 1969)or 
from nutritional studies of such bacteria (Berland et al., 1970) which can then be
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related to specific algal products {Belly et a!., 1973). Suminto and Hirayama (1996) 
reported that in a culture tank for mass production of food diatoms, the actively 
growing population of bacteria or diatom exhibits a mutually suppressive effect on the 
growth of other population.
Two principal systems have been developed for rearing of larval turbot 
(Pillay, 1993). In intensive rearing conditions, larvae are stocked at high density (> 
10 larvae/l.) usually with regular addition of rotifers enriched with fatty acid 
supplements as a food source. For extensive rearing conditions 1 larvae/l are 
maintained at a lower concentration such that rotifers and unicellular algae can be 
added initially at concentrations appropriate to form a balanced 3 -  component food 
chain in which the rotifers graze on algae and thus maintain a nutritionally -  
beneficial food source for the larvae. The incorporation of algae is also beneficial in 
reducing ammonia level in water and larval survival rates in extensive rearing are 
generally higher and more reproducible than in the intensive rearing system. The 
principal cause o f losses in larval rearing is considered to be due to bacteria but 
recognized pathogens were not prevalent amongst bacterial isolates from a-range of 
trials involving different food sources locations and rearing conditions (Munro et al.,
1994).
To counteract the harmful activities of some of these, as yet undefined, 
bacteria the addition of beneficial (probiotic) or harmless bacteria has been 
considered by several workers (Gatesoupe et al., 1999; Gatesoupe 1990). It is 
important that the added bacteria should not adversely affect the rotifers or algae, as 
well as the larvae.
Munro et al., (1994) studied the effect o f bacteria, isolated from larval 
turbot, on growrth o f Pavlova lutheri. O f the 41 bacteria tested, 23 inhibited growth in 
various degrees, 8 had no effect and 10 were weak growth stimulants. Four bacteria, 
identified as a Flavobacterium, Vibrio fluvialis, Vibrio natrigens and Vibrio sp. were 
strongly inhibitory and the Flavobacterium  inhibited growth of Pavlova lutheri. 
Inhibition was due to a heat -  labile factor released by the Flavobacterium into the 
culture medium. The Flavobacterium also produced bacteriocin, which inhibited the 
growth of a range of Vibrios. Bacteria antagonistic towards algae would be 
undesirable in larval rearing and if bacteria are to be selected which are beneficial
(probiotics) in larval rearing systems their possible interaction with algae must be 
considered.
Salvesen et al., (1999) carried out a first feeding experiment with turbot 
as a two factorial design with filtered vs. microbially matured water as one factor, and 
with vs. without microalgae added to the tanks as the other. Application of microbial 
matured water had a highly positive effect in the growth o f the larvae from day 5 after 
hatching and onwards, algal addition gave the greatest effect in size from day 12, 
although both factors were highly significant. A positive interaction effect of 
combining matured water with the addition of microalgae was also observed. The 
positive effects may be related to the observed daily in colonization of the larvae in 
the early stages of first feeding. Evaluation of the water microflora by criteria based 
on the degree o f maturation showed a lower proportion of opportunistic (i.e. r -  
selected) bacteria in tanks with matured water containing microalgae. It was 
suggested that rearing of turbot larvae in microbially matured water to which 
microalgae are added will lower the proliferation of opportunistic bacteria on the 
mucosal surfaces of the larvae, with more viable and fast -  growing larvae as the 
result.
Fabregas et al., (1993) studied the use of tris [tris (hydroxymelhyl) 
amino methane], a compound often used as a buffer in microalgai culture media, 
which sustains active bacterial growth in non-axenic microalgai cultures when 
sodium phosphate is present. The low pH levels caused by bacterial growth and 
probably the depletion of phosphorus in the medium caused the collapse of 
Phaeodactylum tricornutum  cultures resulted in a reduction of microalgai growth from 
32 X 10® to 1.1 X 10® cells /ml. This emphasizes the need for care when interpreting 
the results of non -  axenic microalgae cultures in which tris or other organic buffer is 
added.
Probiotics
The word probiotic is often used as an opposite of antibiotics i.e. is 
promoter of life (Gatesoupe, 1991) the research on probiotic for aquatic animals is 
increasing with the demand for environmentally friendly aquaculture. The probiotic 
concept is pertinent only when the administered microbes survive in the
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gastrointestinal tract, otherwise nnore general terms are suggested like biocontrol 
when the treatment is antagonistic to pathogens or bioremediation when water quality 
is improved (Gatesoupe, 1999). Use of probiotic in larviculture of fish, shrimp and 
molluscs, has been progressing and the results have been encouraging.
Artificial production of scallop seed has been seriously affected by the 
occurrence of massive larval mortalities of which one probable case has been 
bacterial infection of the algal culture, especially by Vibrio sp., (Robert et al., 1996). 
The success o f scallop seed production in hatcheries was thus affected (Disalvo 
1991; Navarro et al., 1991; Riquelme, et al., 1995). One of the usual methods of 
controlling proliferation of pathogens in hatcheries has been by using antibiotics. 
However, although larval survival is often significantly increased by the use of such 
compounds, this technique often results in the selection of antibiotic — resistant 
bacterial strains (Sarti and Giorgetti, 1988; FItt et al., 1992).
An alternative to the use of chemical therapeutics is biological control 
by means of probiotic strains of bacteria. The use of probiotics has been studied 
extensively in terrestrial organisms (Conway, 1989). However, these methods have 
only recently been studied in marine environments, as antagonists to diseases in the 
culture of fish (Westerdahl, et al., 1991; Oisson, et al., 1992; Bergh, 1995) bivalve 
molluscs (Ruiz, et al., 1995; Riquelme, et al., 1996) and crustaceans.
In selecting a probiotic agent, it is desirable to obtain microorganisms 
autochthonous to the site of application, thus avoiding the introduction o f exotic 
bacterial agents to the system (Hansen, 1993). The method of isolating pathogens 
antagonistic to bacteria from bivalve larval cultures and then introducing them en 
masse into new larval cultures may provide a key factor for the control o f pathogens 
in these cultures (Riquelme, etal., 1997).
Probiotic microorganisms have been used to enhance the resistance to 
disease of aquatic animals with variable results (Griffith, 1995; Riquelme et al., 1997; 
Gibson et al., 1998; Gomez Gil et al., 2000). Vibrio alginolyticus has been tested as 
a probiotic in Litopenaeus vannamei larvae with promising results and it was found to 
give some protection against the disease (Austin et al., 1995; Garriques and Arevalo.
1995). V. alginolyticus was also detected in healthy rotifers and a positive relation
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between the survival of turbot larvae and the presence of this Vibrio in the rearing 
environment was established (Gatesoupe, 1990).
A potential probiotic strain coded C7b and identified as V. alginolyticus, 
prove to be able to outgrow several other bacterial strains isolated from seawater 
then a bioassay v/as alone employing a technique based on the disk dffficusion 
method (Gomez Gil, 1998). This stain also demonstrated to be effective in 
overgrowing potential pathogenic Vibrios isolated from the haemolymph of'diseased 
shrimps and had no detrimental effect to the shrimp larvae.
Although the use of probiotic bacterial strains in microalgal cultures 
does not come within the strict definition of probiotic usage, recent work by Avendano 
and Riquelme (1999) and Gomez-Gil et. al., (2002) has shown the significance of 
such probiotic addition in marine larviculture. One of the obvious advantages of such 
treatments is that microalgal cultures can be used as vectors for the delivery of 
bacterial antagonists to bacterial pathogens in marine larviculture.
Avendano and Riquelme (1999) established the feasibility of 
incorporating bacteria with the ability to produce inhibitory substances (BPI) into 
axenic cultures of Isochrysis galbana with the object o f using this microalga as a 
vector for transmitting BPI into cultures of larval bivalves as antagonists of 
pathogenic bacteria in these cultures. As a first step, the ability of seven strains of 
BPI to grow in extracellular products o f /. galbana was evaluated, with positive results 
with four of these (334, C33, 11, and 77). Subsequently, the effect of the addition of 
these strains on the growth of I. galbana was evaluated. Comparison of growth rates 
o f 1. galbana with and without the addition of BPI showed no significant differences 
(p<0.05). A stable and persistent inhibitory capacity of strain C33 on the pathogen 
Vibrio anguillarum  was also observed. Finally studies were made on the ingestion of 
BPI by larvae o f Argopecten purpuratus. Results demonstrated significant ingestion 
of strain 11 (p<0.05), when it was inoculated directly into the water, and bacterium 
C33, when delivered in conjunction with the microalga. Upon evaluating 
incorporation and maintenance of BPI strains 11 and C33 after 5 days of lan/al 
culture, they observed the major presence of strain C33 (3 x 10^ CFU/larva) 
compared with strain 11 (90 CFU/larva). The results obtained suggested that it was
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feasible to use microalgal cultures as vectors for the introduction of bacterial 
antagonists to bacterial pathogens in molluscan larval culture.
Gomez-Gil et. al., (2002) studies made to evaluate the performance of 
the microalga Chaetoceros muelleri then cultured with a potential probiotic bacterium 
Vibrio alginolyticus strain C7b as compared when both are cultured alone in medium 
f/2. Strain C7b grew significantly better and lasted longer when grown with the 
microalga than when grown alone. The microalgal density was not affected by the 
presence of the bacteria compared when grown alone. C. muelleri and the bacterial 
strain C7b can be cultured together for up to 9 days to achieve a high density (5.15 x 
10® and 6.63 x 10'’ cell/ml, respectively) and then fed to the protozoeal and mysis 
stages of penaeid shrimp.
Saccharomyces boulardii
Apart from Lactobacillus sp. and Bacillus sp. there are many other new 
problonts with additional benefits and research is continuing in many laboratories 
around the world. Among them, the yeast Saccharomyces boulardii is an emerging 
one.
McFarland and Bernasconi (1993) reviewed the use of S. boulardii as a 
non-pathogenic yeast, which has been used as both a preventive and therapeutic 
agent for the treatment of variety o f diarrhoeal diseases. They also confirmed its 
safety for oral administration. According to their observation S. boulardii maintains a 
high stable level as long as the yeast is taken daily and once the agent is 
discontinued, S. boulardii \s quickly eliminated from the colon, Klein et al., (1993) 
found that as the SB dose increased, the mean steady state concentration of SB 
increased significantly. They also investigated that percentage recover/ was not 
dependent on dose provided.
Buts et al., (1993) proved that oral administration of S. boulardii is 
effective in reducing morbidity and mortality due to Clostridium difficile  induced 
pseudomembranous colitis in a selected group of infants and children with persistent 
intestinal symptoms related to toxigenic C. difficile over growth.
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Pothoulakis et al., (1999) studied the mechanism of SB’s protective 
effects by studying the binding of (3H) toxin A to its brush border receptor. The effect 
of toxin A on secretion, epithelial permeability and morphology in rat ileal loops in 
vivo was also examined in rats pretreated with S. boulardii. As a result S. boulardii 
reduced (3H) toxin A-receptor binding in a dose-dependent fashion. Sodium dodecyl 
sulphate polyacrylamide gel electrophoresis of ileal brush border exposed to S. 
boulardii-condHioned medium revealed a diminution o f all brush border proteins. 
Treatment of rats with S. boulardii suspension reduced fluid secretion and mannitol 
permeability caused by toxin A.
Czerucka et ai,, (1994) studied inhibition of the secretion induced by 
cholera toxin (CT) in rat jejunum by the yeast S. boulardii. They studied the 
mechanism by which S. boulardii protects intestinal cells against cholera toxin (CT). 
They observed that SB -conditioned medium significantly reduced CT - induced 
cAMP level in IEC-6 cells. Although well known, and available commercially as a 
human and farm animal probiotic, the use of S. boulardii for aquatic animals has 
been reported only in Ariemia sp., against V. harveyi (Patra and Mohamed, 2003).
14
MATERIALS
AND
METHODS
3.0 MATERIALS AND METHODS
For fulfilling the objectives the following two experiments were devised and executed.
3.1 EXPERIMENT 1
Two microalgal species, the flagellate Isochrysis galbana and the 
diatom Chaetoceros sp. were maintained in triplicate as 250 ml cultures and their 
total floral counts were made on specific days to assess the bacterial biodiversity.
3.1.1 Seawater
3.1.1.1 Source
Seawater of salinity 30-35 ppt was brought from Mannassery near Fort 
Kochi and stored in 50 tonne cement tanks.
3.1.1.2 Seawater Treatment
After settling, the seawater were pumped into 500 liter FRP tank and 
treated with sodium hypochlorite (30 ppm active chlorine). After 24 hours the 
residual chlorine was checked with 0-Toloudine and removed with Sodium 
Thiosulphate. This was followed by filtration of seawater through gravity sand filter 
and then stored in clean plastic bins. Salinity was adjusted to 30 ppt with aged tap 
water. The filtered seawater was then boiled and cooled. Appropriate quantity of 
nutrient media was added and microalgal culture was done under laboratory 
condition.
3.1.2 Rearing Containers
Pre-sterilized conical flasks of 500 ml capacity were used for this 
purpose. Cultures of Isochrysis galbana and Chaetoceros sp. were made in triplicate. 
Flasks were filled with filtered and boiled seawater after addition of appropriate 
concentration o f nutrient media. Each flask was filled up to 250 ml with addition of 
10% [25 ml] pure inoculum of Isochrysis galbana and Chaetoceros sp. respectively.
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3.1.3 Enrichment Media
For the successful culturing o f microalgae (diatoms or nannoplanktors), 
various chemical culture media have been used depending on the type o f organism 
cultured and their growth phase. Microalgae in any water body require nutrients such 
as nitrate, phosphate (in an approximate ratio of 6:1) and silicate. Silicate is 
especially used for the growth of diatoms, which utilize this compound for production 
of their outer shells, r^/licronutrient consists of various trace metals, vitamins like 
thiamin (Bi), cyanocobaiamine (B12) and amino acids. The composition o f Conway’s 
& Walne's culture media (Walne, 1974) is given below.
Constituents 
Solution A
Potassium nitrate 
Sodium orthophosphate 
EDTA (Na)
Boric acid 
Ferric chloride 
Manganese chloride 
Distilled water
Solution B
Zinc chloride 
Cobalt chloride 
Copper sulphate 
Ammonium molybdate 
Distilled water 
Solution C 
Vitamin B| (Thiamin) 
Solution D 
Vitamin B 12 
(Cyanocobaiamine) 
Solution E 
Sodium silicate
Solution
A
B
C
D
E
Quantity
100 g 
20 g 
45 g
33.4 g 
1.3g 
0.36 g 
1 lit.
4,2 g
4.0 g
4.0 g 
1.8g 
1 litre
200 mg in 100 ml distilled water 
10 mg in 100 ml distilled water
1 ml dissolved in 1000 ml
Quantity in  ml 
( fo r 2 I o f filte red  sea water)
2.0
1.0 
0.2 
0.1
2.0
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3.1.4 Rearing System
Culture flasks were maintained in indoor conditions at 28°C 'w ith 12- 
hour light and 12- hour dark condition. Lighting was provided with fluorescent lights 
and the incident light was measured as 500-lux/ flasks
3.1.5 Duration o f Culture
All cultures were maintained until they showed signs of decline and
collapse
3.1.6 Sampling
3.1.6.1 Determination o f Algal Cell Concentration
Among the several procedures available for determining the alga! cell 
concentration, haemocytometric counting is the simplest method. Other counters 
used for determining the cell density of microalgae are Coulter counters, 
Turbidometer, Spectrophotometer, Video endoscopy etc.
The apparatus used for counting the algal cells in the present study was 
a haemocytometer with an improved Neubaeur ruling. The device is quite suitable 
for counting algal cells less than even 3n size. Before counting, both the cover slip 
and the chamber were rinsed with clean distilled water and dried with blotting paper. 
Occasional cleaning with alcohol ensures the free flow of algae over the counting 
area. The face of counting chamber is composed of two gridded surfaces separated 
by canals. The cover slip was placed on the support bars along the canals and a 
drop of homogenously mixed algal suspension was delivered from a Pasteur pipette 
by touching the pipette tip on the edge of the cover slip where it hangs over the V- 
shaped loading part. Slight pressure will cause the algal suspension to flow evenly 
across the surface, but not into the canals or on the top o f the cover slip.
Both sides of chamber were loaded to seal the cover slip properly. 
Each half of the haemocytometer surface contains nine large grids. Only those algal 
cells, which fall with the four large corner grids, were counted. Each large corner grid 
is further sub-divided into 16 small squares. Cells, which fall on a borHer were 
counted if at least half the cell is within the square, but only two borders were
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acknowledged {either top or bottom and either left or right) so that cells were not 
counted twice.
To determine the algal cell density (number of algal cells per ml of 
sample), the number of algal cells in the four corner grid areas were counted and the 
mean was taken. The mean value when multiplied by lO'^ gave the actual cell 
concentration per ml of the sample. If the algal suspension is very thick suitable 
dilution with seawater was made. Similarly, three to four samples were taken from 
each algal suspension and the average value was taken as the final cell 
concentration.
The average number of cells in 1 ml was calculated as
Average count per chamber x 10  ^ = Total number of cells/ ml
3.1.6.2 Bacteriological Sampling
Microbiological sampling was done once in 4 days for total aerobic flora 
and total vibrios from all replicate flasks. Microbial sampling involves procedures like 
serial dilution, spread plating of serially diluted sample as well as spread plating of 
particular dilution and was followed sequentially.
(a) Serial d ilu tion  technique: 4 or 5 sterilized test tubes of 4.5 ml were 
arranged serially in the test tube stand inside the laminar flow chamber. 0.5 ml of 
sample was transferred to first test tube and mixed well with the help of a vortex 
mixer. This was 10'^ dilution. Similar procedure was followed to prepare the other 
dilutions up to 10'®'
(b) Spread plate procedure: Appropriate dilutions were decided for spread 
plating in different media (Table 1) like Seawater agar (SWA) plates for enumerating 
total aerobic flora and thiosulphate citrate bile sucrose (TCBS) plates for enumerating 
vibrios. 0.1 ml of chosen dilution were poured on to the different media plates and 
spread uniformly with sterilized glass rods by rotating the lower part of Petri dishes 
clockwise and anti-clockwise randomly.
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3.1.6.3 Bacterial Enumeration
After 48-hour incubation of Petriplates at 37°C colonies found on the 
agar were counted for all dilutions. Plates with colonies between 30 and 300 were 
recorded and expressed as colony forming units per ml (CFU/ml).
3.1.7 Bacterial Identification
3.1.7.1 Isolation
About 5 - 6  dominant cultures from each sample giving preferably a 
count o f 3 -30 well separated colonies on SWA were randomly selected and purified 
by streak dilution method using preset and dried seawater agar plates. All well 
isolated colonies were picked on to SWA slants labeled and Incubated for 18 - 24 h at 
37°C. The pure cultures thus obtained were maintained at room temperature and 
used fo r identification.
3.1.7.2 Identification Protocol
The cultures were identified up to the genus level by following the 
identification scheme proposed by Surendran and Gopakumar (1981). The 
identification scheme included Grams reaction and microscopy, penicillin sensitivity, 
cata lase and cytochrome oxidase tests, oxidation/ fermentation of glucose, and 
pigmentation.
3.1.7.3 Tests used fo r Identification
3.1.7.3.1 Grams Reaction and M icroscopy
A thin smear of the test culture was prepared by emulsifying a speck of 
the culture using a drop of sterile DW on the middle o f a dirt and grease free glass 
slide. The smear was allowed to air dry and heat fixed by passing through the blue 
flam e o f Bunsen burner (3-4 times). The heat fixed smear was flooded with crystal 
violet for 1 min. followed by water washing, flooded again with Grams iodine for 
another minute followed by washing with water. Destaining was done by drop wise 
addition of alcohol over the smear held in inclined position till the washings were free
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of violet colour and thoroughly washed with water. The smear was counter stained 
with Saffranine for 1 minute and washed with water,
The air-dried smears were examined under oil immersion objective 
(100x) for the colour and shape of cells, and for the presence of spores if any. The 
cells with violet, bluish purple or bluish violet was taken as Gram positive and those, 
which had red colour as Gram negative.
3.1.7.3.2 Penicillin Sensitivity Test
Pre-set antibiotic agar plates were prepared and dried in laminar flow 
chamber for 30 minutes. The plates were removed from the chamber, divided into 4 
quarters and each quarter was marked appropriately. A  little of the test culture was 
smeared over 4-cm^ area in each quarter. A filter paper disc impregnated with 
penicillin (2.5 lU Penicillin) was then placed on the surface of each smear. Plates 
were Incubated at 37°C for 18-24 hours without inverting. The cultures showing 
zones of clearance around the discs were considered sensitive to 2.5 lU penicillin.
3.1.7.3.3 Catalase Test
A speck of test culture was emulsified with two drops o f Hydrogen 
Peroxide (30%) on a clean glass slide. The effervescence I.e. evolution of gas 
bubbles within few seconds indicated positive reaction for the test.
3.1.7.3.4 Oxidase Test
1% N N N N Tetramethyl-p-phenylene diamine dihydrochloride was 
freshly prepared and used for the test. A smear of the test culture was prepared on a 
filter paper impregnated with Kovac's cytochrome oxidase reagent using .a sterile 
platinum loop. Development of blue colour within 10-15 seconds was taken as 
positive for the test.
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Table 1. Composition of media used in the study
Media Composition Q uantity
(grams)
Procedure
Peptone 5
(D „  
"to Js ^ Yeast 1 Final pH a t 2 5 "c  7.2 +5  03 5
5 o :?
S <  w
CO
Fe PO, 0.1 0-2 s te rilized  a t 15 lbs
Agar 15 fo r 1 S.min.
DW 1000 ml
Yeast extract 5
Q) Protease pep tone 10
5 Sodium Ih iosu lpha te 10
S<0 Sodium c itra te 10ro cQ 
.t: O Ox bile 8 Final pH  a t 25°c  8.6 + 
0.2. Boil to  d issolve the 
m edium  com pleiely.
^  1-
o  '—' Sucrose 20
1  s Sodium ch lo ride 10a  e— o Ferric citrate 1
8 “ Bromo thvm ol b lue 0.04
!c Thymol blue 0.04
H Aqar 15
DW 1000 m l
Special pep tone 10 Final pH  a t 25°c
D 
2  £  
2  °
Dextrose 20 5 ,6  ± 0 .2
o  ^  n  CQ 
(D 
CO DW 1000 m l
Special pep tone 10 Final pH  a t 25 ‘^ c
n Dextrose 20 6-6 ,3
s  §= Aqar 15
E <(D
CO DW 1000 m l
O Peptone 10 Sterilized a t 15 lbs for
.9 c5 Nad 10 15 min. F ina l pH 7,2P  D)— TO Aqar 15c
< DW 1000 m l
0) Peptone 1 Dissolve and  adjust pHu>
o E Nad 0.5 to 7.1 and  1 m l o f 0,1%
^ - 5 K?HP04 0.4 phenol red  solution is
O  o, c Dextrose 1 added. D ispensed  in—i C 
"O u. Aqar 0.3 8ml quantities in 15cm x
TO O 
I DW 100 m l
12 m m  tubes and 
sterilized a t 10 lbs for 20 
min.
(0 Tryptone 0.5 After ad justing  pH  to
0) CT Beef extract 0.3 7.2, s te rilized  a t 15 lbs
§  S o Nad 0.5
for 15 min.
o w> w  
£ - 8 t D- Glucose 0.1
Aqar 1,5
o DW 100 m l
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3.1.7.3.5 Hugh and Leifson’s Glucose oxidative/fermentative Reaction 
Test
Using a sterile platinum needle, a little o f the test culture was stab 
inoculated into the H&L glucose oxidative/fermentative medium in such a way that at 
least 2 cm long column of the medium at the bottom of the tube was left un­
inoculated. The tubes were incubated at 37®C for 18-24 h and observed for the 
change In colour o f the medium.
Growth of bacteria along the line of inoculation and a yellow colour 
throughout the medium was taken as positive for fermentative reaction i.e., 
fermentative with acid but no gas (FANG). The gas bubbles trapped in the medium 
indicated the fermentation with acid and gas (FAG) reaction. Deep pink colour only 
at the top portion o f the medium was considered as alkaline top reaction, and a 
yellow colour at the top part of the medium was taken as oxidative reaction. Both 
alkaline top and oxidative reactions were considered as Non-fermentative (NF).
3.1.7.3.6 Pigmentation
The colour of the cultures on SWA slants was noted after 72-96 hours 
of incubation at room temperature.
The results of above tests were used to identify the cultures based on 
the identification scheme of Surendran and Gopakumar (1981).
3.2 EXPERIMENT 2
In this experiment the effect of the addition of a probiotic yeast 
Saccharomyces boulardii (SB) on 250 ml Chaetoceros sp. cultures was studied. All 
experimental procedures followed were similar to Experiment 1 and as mentioned in 
Section 3.1.
3.2.1 Culture of Probiotic Organism
3.2.1.1 Source of Yeast
The pure culture of S. boulardii as lyophllized powder was reisolated on 
to Sabouraud Agar plates from gelatin capsules obtained from LABORATORIES 
BIOCODEX, France
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3.2.1.2 Storage
Pure culture of SB in Sabouraud broth was kept in a test tube, of 10 ml 
capacity and its mouth was plugged with a cap and further wrapped with Parafilm to 
prevent entry of moisture and other microorganisms. Such samples were stored in a 
refrigerator at 4°C.
3.2.1.3 Standardization of Culture o f SB in Broth
To know the exact concentration of yeast in broth, the following steps 
were followed;
(i) 50 ml of Sabouraud broth was sterilized in 100 ml conical flask at -15 psi 
(12 rC ) fo r 15 minutes.
(li) 0.5 ml of inoculum of SB was added to 50 ml o f sterilized broth:
(iii)Then the conical flask was plugged well with cotton and was agitated 
continuously in a shaker at low RPIW at room temperature for 48 h.
(iv) Concentration of yeast in broth and its colour was checked at periodic 
interval at 24, 36. 48, 72 and 90 h to confirm the peak concentration by 
counting total CFU on Sabouraud agar plates incubated at 37°C in BOD 
incubator. Required concentration of yeast in broth was achieved in 48 -  
72 h.
3.2.2 Experimental Treatments
Three treatments were made in triplicate for Chaetoceros sp. culture. 
In the first, which was the control, 250 ml of enriched Walne media was inoculated 
with 10% Chaetoceros culture. In the second treatment (treatment SA - single 
addition) 2.5 ml o f SB culture of 10® CFU/ml concentration was added such that the 
concentration of SB In the 250 ml Chaetoceros culture was 10^ CFU/ml. In the third 
treatment (DA • daily addition) 2.5 ml of 10® CFU/ml SB culture was added daily to 
Chaetoceros culture.
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3.2.3 Sampling
3.2.3.1 Determ ination o f  Algal Cell Concentration
The Chaetoceros cell density in each experimental flask was counted 
daily as described in section 3.1.6.1.
3.2.3.2 Bacterio logical Sampling
Microbiological sampling was done once In 4 days for total aefobic flora 
(on SWA plates), total vibrios (on TCBS plates) and total SB (on Sabouraud Agar 
plates) from all replicate flasks. Microbial sampling involves procedures like serial 
dilution, spread plating of serially diluted sample as well as spread plating of 
particular dilution and was followed sequentially as described in section 3.1.6.2.
3.2.4 Bacterial Enum eration  and Iden tifica tion
Procedures outlined in section 3.1.6.3 and 3.1.7 were followed.
3.3. Analyses o f Data
All algal count and microbial count data were averaged and expressed 
as mean ± standard deviation (SD). The data were graphed for analysis of trends. 
Statistical comparisons o f mean algal cell counts in different treatments were done 
with one-way ANOVA using SPSS software.
3.3.1 Analysis o f B a c tc rla l D iversity
Conventional indices o f community diversity were used to measure the 
biodiversity of bacterial taxa in culture flasks. To measure diversity the Shannon- 
Weiner Index was calculated by applying the formula -
Where, p, is the fraction o f individuals in a species.
The magnitude of H' is affected not only by the distribution o f the data 
but also by the number of categories. The diversity may be expressed as a
24
proportion of the maximum possible diversity (H’max = log k, where k is the number of 
categories), called the relative diversity or species evenness of the data:
ma«
The Simpson measure o f diversity expresses the dominance of or 
concentration of abundance into one or two commonest species of the community. If 
two individuals are drawn at random from a population of N  individuals, the 
probability that both individuals belong to the same species is:
where, n, is the number of individuals o f the species. Simpson's 
index is most appropriate when we are looking into the relative degree of dominance 
of a few species In the community, rather than the overall evenness of the 
abundance of the species.
Species richness. M a rg a le fs 'd ’, is a measure o f the number o f species 
present in the sample, making some allowance for the number of individuals.
d  = { S - \ ) H o g ( N )
Where, S is the number of species in each sample and N is the number 
of individuals in each sample.
The above analyses were carried out with the help of the software 
PRIMERS”  (Plymouth Routines in Multivariate Ecological Research) version 5.2.8. 
Based on a similarity matrix generated by the software using the Bray-Curtis 
measure, hierarchical clustering of species groups in different days of culture was 
done. The resulting dendrogram indicated the similarity o f bacterial diversity in 
different days of culture, relating specifically to the lag. log, stationary and death 
phase o f the cultures.
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4.0 RESULTS
4.1 Chaetoceros Culture
Mean Chaetoceros  cell counts in culture flask against time is shown i 
Flg.1. A steady increase in cel! counts o f Chaetoceros was observed from first day of 
culture and maximum concentration (2.9 m illion cells/ml) was attainted on Day 22 
after which it gradually started declining and finally it crashed on Day 37. The pattern 
of culture was a typical one and very sim ilar to microalgal growth of any kind showing 
lag. log, stationary, declining and death phases.
4.1.1 Bacterial D ivers ity  In Chaefoceros C ulture
The biodiversity indices during ChQetoceros sp. culture are given in 
Table 2. Only 2 bacterial species were identified in the culture from Day 1 to 22, and 
on Day 32, 3 species were observed. The bacterial taxa identified upto genus levels 
were Micrococcus sp., A cenetobactersp., and Enterobacteriaceae. The total aerobic 
flora as CFU/ml in the culture showed an increasing trend with age of the culture, 
with the exception of Day 22 (peak log phase) when it declined to very low levels. 
The specfcs evenness. Shannon's index and Simpson diversity showed an 
increasing trend until Day 22, after which they declined on Day 32. The species 
richness index (Margalef d) showed a decreasing trend until Day 17 and then 
increased. The Simpson diversity index and species richness index were observed 
to be inversely proportional (Fig.2).
The results o f the bacterial taxa cluster ana lys is  are shown in the 
dendrogram (Fig.3). The analysis indicates that the composition of the bacterial taxa 
during Day 1 and 6 (Lag phase) show a sim ilarity of nearly 70%. The bacterial taxa 
on the other sampling days are very d issim ilar to each other. On Day 22, which Is 
close to the peak Log phase, the bacterial taxa were very dissimilar to Day 32, which 
's close to the death phase of the culture. Day 22 bacterial taxa were also very 
dissimilar to Day 17 taxa.
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4.2 Isochrysis galbana Culture
Mean cell counts of I. galbana  in the culture flask is shown in Fig.4. 
The growth curve observed was a typical one with ail phases of microalgal growth. 
Maximum cell concentration (9.1 million cells/ml) was observed on Day 26  of the 
culture, after which the culture entered the declining phase. The culture crashed on 
Day 39 at a concentration of 0.18 million cells/ml.
4.2.1 Bacterial Diversity in Isochrysis galbana  Culture
The biodiversity indices o f I. galbana culture with respect to total 
aerobic flora counts are shown in Table 3. More number of bacterial taxa was 
observed in I. galbana cultures as compared to Chaetoceros cultures. The number 
of taxa fluctuated between 2 and 3 during the culture duration. Three taxa were 
consistently observed from Day 18 to 28, which was the peak Log phase o f the 
culture. The bacterial taxa identified upto genus levels were Staphylococcus sp., 
Micrococcus sp., Pseudomonas sp. and Arthrobacter sp. The total aerobic flora as 
CFU/ml showed a progressive increase from Day 1 reaching 47 million/ml on Day 38. 
The Shannon’s index and the Simpson diversity showed an increasing trend up to 
Day 23 {peak log phase) and then subsequently declined. The species evenness 
index however, continued to show an increasing trend until the crash of the culture. 
The species richness index and the Simpson diversity showed an inverse 
proportionality only until Day 13 (Fig. 5). after which they were proportional.
The bacterial taxa hierarchical cluster analysis clearly showed the 
similarity in taxa based on the different phases of the microalgal culture (Fig.6). The 
bacterial taxa during Day 18 and 23 (log phase) showed more than 80% similarity. 
The taxa during these days were dissimilar to the taxa present during the lag phase 
of culture (Day 1, 4 and 8). The taxa on Day 33 and 38 also showed 50% similarity 
and pertained to the period when the culture was about to crash.
4.3. Effect of Probiotic S. boulardii addition on Chaetoceros Culture
Mean Chaetoceros counts in control flasks showed a normal trend and 
the culture lasted for 23 days (Fig.7). f\/1aximum cell concentration of 0.9 million-cells/ 
m) was observed on Day 13 and thereafter the declining and death phase was seen.
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In the case of treatment daily addition (DA), the culture lasted for a very short 
duration o f 8 days and the maximum concentration was less than 0.5 million-cells/ ml. 
The treatment single addition (SA) was the longest lasting (up to 31 days). Until Day
3 poor growth was observed and after Day 6 the mean cell concentration crossed 1- 
million cells/ ml. The mean maximum cell concentration observed (2.3 million cells/ 
ml) in this treatment was on Day 22. This treatment proved to be significantly more 
long lasting and attained higher cell concentration than the other treatment and 
control. One-way ANOVA (Table 4) indicated that the algal cell counts in jDeak log 
phase in different treatments were significantly (P <0.01) different.
Table. 4  One-way ANOVA of algal cell counts in different treatments in 
Experiment 2.
ANOVA
Sum of Mean
Squares df Souare F Siq.
ALGCNT Between 
Groups 6.3E+12 2 3.1E+12 17.097 003
W ilh in
Groups 1.1E+12 6 1.8E+11
Tolal 7.4E+12 8
4.3.1 Bacterial Diversity in Chaetoceros Culture Treatm ents
The biodiversity indices of Chaetoceros culture under different 
treatments are shown in Table 5. The number of species in control varied from 1 to
2, in treatment DA from 2 to 3 and treatment SA from 1 to 3. The mean total aerobic 
flora showed a steeply increasing trend in control and DA treatments, while the trend 
in SA treatment was that o f slow increase. Highest CFU/ml was observed on the last 
day of culture for all the treatments (31.9 million in control; 79.9 million in DA and 0.9 
million in SA). The total CFU/ml was remarkably low in the treatment SA as 
compared to control and DA treatments. Since the control and SA treatments 
showed only one colony type on some sampling days, the diversity indices for those 
days could not be calculated. As such, clear trends were not discernible form the 
diversity indices except in DA treatment, which showed an inverse relationship 
between Species richness and Simpson diversity. In general, the Simpson diversity 
index was at maximum at the time when the cultures were in peak log phase in 
treatment SA and control.
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The results of the hierarchical cluster analysis of bacterial taxa for all 
treatments are shown In Fig.8. In the control, Day 1 and 6 (Lag phase) formed a 
single cluster with 80% similarity in bacterial taxa. Day 11 (Log phase) taxa formed a 
separate cluster and Day 16 and 21 (Death phase) formed a separate cluster with 
low similarity. In treatment DA, there was no similarity between bacterial taxa-on Day 
1, 6 and 11. In treatment SA, the similarity in bacterial taxa in initial Log phase {Day 
6 and 11) and peak Log phase (Day 16 and 21) was more than 90%. The clustering 
o f these groups was markedly higher than in the control. The bacterial taxa on Day 
28, when the culture was in the death phase formed a separate cluster.
4.3.2 Qualitative and Quantitative Bacteria l Counts In Treatments
The mean aerobic flora counts on SWA in control DA and SA 
treatments are shown in Fig.9. Progressive increase in the counts over time was 
observed. However, the rate of increase in counts was very high in DA treatment 
and control, where from 10^ CFU/ml the count increased to 10^ CFU/ml in DA and 
control in 11 and 21 days respectively. On the other hand, in treatment SA, the rate 
o f increase In counts was much lower from 10** to 10® CFU/ml in 28 days. The mean 
TCBS Vibrio counts (F ig.10) showed an increasing trend in treatment DA, while in SA 
treatment, the trend was that of decrease, and it was finally absent on Day 28. In 
control, vibrios were observed only from Day 16, at very low levels, and it increased 
steeply to 10“* CFU/ml on Day 21. The mean yeast count on SB agar in the different 
treatments is shown In Fig.11. From an initial concentration of 10® CFU/ml. the 
counts were maintained at between 10® and 10® CFU/ml in treatment DA until 
collapse of the culture. While in treatment SA. from an initial count of 10^ CFU/ml it 
decreased to lO** CFU/ml on Day 6 and was absent from Day 11 onwards.
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Fig.l. Mean Chaetoceros CdJ CounJsJn Culture Flask. Vcrfical lines indicate
standard dev ia tion
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T able  2 .  Biodiversity ind ices  during Chaetoceros sp. culture
Species Species Shannon- Simpson
Total Richness Evenness Index Diversity
Total Species CFU Marqalef d J’ 1-lambda
Day1 2 18067 0.102 0.049 0.034 0.011
Day6 2 27666 0.098 0.707 0.490 0.311
Day17 2 613333 0.075 0.932 0.646 0.454
Day22 2 6000 0.115 0.916 0,637 0.445
Dav32 3 1800000 0.139 0.552 0.607 0.319
Fig 3- Chaetoceros sp  cu ltu re  baclcrial taxa d u s t e r  analysis
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T able 3. Biodiversity in d ices  during Isochrysis ga/bana  culture
Species Species Shannon* Simpson
Total Total Richness Evenness Weiner Diversity Diversity
Species CFU Marqalef d J* H* 1-lambda
Day1 3 16166 0.206 0.593 0.652 0.358
Day4 3 20666 0.201 0.681 0.748 0.416
Day8 2 41666 0.094 0.943 0.653 0.461
Day13 2 96666 0.087 0.929 0.644 0.452
Day18 3 205000 0.164 0.910 0.999 0.607
Day23 3 316666 0,158 0.990 1.088 0.660
Day28 3 1633333 0.140 0.852 0.936 0.550
Day33 2 6999999 0.063 0.998 0.692 0.499
Dav38 2 47010000 0.057 0.997 0.691 0.498
F ig  6 . I. galbana c u ltu re  bacterial taxa d u s te r  analysis
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T able  5. B iodiversity ind ices in Chaeioceros cu ltu re  under d iffe ren t trealments, da ily  add ition , single add ition  and  control
CONTROL
Total
Species
Total
CFU
Species 
Richness 
Marqalef d
Species
Evenness
J’
Shannon-
Index
H'
Simpson
Diversity
1-lambda
Day1 1 13000 0,000 0.000 0.000 0.000
Day6 2 19667 0,101 0.474 0.329 0.183
Day11 1 1033333 0,000 0.000 0.000 0.000
Day16 2 7333333 0.063 0.845 0.586 0,397
Day21 2 31999999 0.058 0.777 0.538 0.353
DAILY
ADDITION Total
Species
Total
CFU
Species 
Richness 
Marqalef d
Species
Evenness
J'
Shannon-
Index
H*
Simpson
Diversity
1-lambda
Dayl 2 13334 0.105 0.469 0.325 0,180
Day6 2 1500000 0.070 0.802 0.556 0.369
Dav11 3 79999999 0.110 0.790 0.868 0.500
SINGLE
ADDITION Total
Species
Total
CFU
Species 
Richness 
Marqalef d
Species
Evenness
J’
Shannon-
Index
H'
Simpson
Diversity
1-lambda
Dayl 2 13334 0.105 0.469 0.325 0.180
Day6 1 21667 0.000 0.000 0.000 0.000
D ay ll 1 19667 0,000 0.000 0.000 0.000
Dayie 3 270001 0,160 0,480 0.527 0.279
Day21 2 250000 0,080 0,353 0,245 0.124
DaY28 2 920000 0,073 0,450 0,312 0.171
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Plate No. 3. Isochrysis galbana ceWs in Walne medium (mag.10X40x)
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Plate No. 4 . Saccharomyces boulardii ceWs in sabouraud 
culture (mag. 10X100x)
Plate No. 5 Clumping of Chaetoceros sp. and S. boulardii cells in Hailw artriitinnrnA\ t r ^ t m f t p t  /man inY^nv^
DISCUSSION
5.0 DISCUSSION
The present study shows that the microbial environments in algal 
cultures systems are complex with high degree of variability. The nurriber of 
dominant bacterial species recorded in the experimental trials varied from 1 and 3, 
Algal cultures are known to produce antibacterial exudates (Duff et al., 1996; Kogure 
et al.. 1979), and it is possible that the number of species recorded is low due the 
presence of these exudates. Generally, more number of bacterial colonies was 
observed in Isochrysis galbana than in Chaetoceros cultures. In both these cultures, 
the mean total aerobic count was less {10^-10^ CFU/ml) during the exponential and 
stationary phases than in the declining phase (10®-10  ^ CFU/ml) when the cultures 
were either senescent or dying. Salvesen et al., (2000) observed that higher 
bacterial levels were associated with slow growing microalgae or when the growth of 
the microalgae decreased. They attributed the reason to an effect of higher excretion 
of organic products from senescent algae together with the decomposition of dead 
cells, which provided an ideal substrate for bacterial growth.
Thus, microalgal cultures represent a substantial source of bacteria in 
marine larviculture systems. This study shows that if microalgal cultures are used 
when they are in the log and stationary phase rather than in the declining phase, the 
amount of bacteria added to the larval culture medium can be reduced by 3-4 orders 
of magnitude.
Bacterial diversity is dependent on not only the number of species in 
the community, but also on the relative abundance of each species. All the 
measures of bacterial diversity except species richness used in the present study 
showed an increasing trend with increase in algal density in both Chaetoceros and I. 
galbana  cultures. Soon after the peak log phase these indices declined. Salvesen et 
al., (2000) reported for C/iaefoceros muelleri, I. galbana  and Nanochloropsis 
occulata, the diversity was lowered when algal growth rates were reduced. The 
opposite was true fo r Tetraselmis sp. and Pavlova lutheri, in which a more diverse 
bacterial community developed when there was reduction tn algal growrth rates.
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The Simpson measure o f diversity expresses the dominance of one or 
two component species of the community. In both the algal species tested this index 
was at the maximum at peak log phase, indicating that one or two species were 
dominating the bacterial community in the algal culture medium when the growth rate 
was high. Interestingly, the Margalefs species richness index showed an-inverse 
proportion with Simpson diversity in Chaetoceros culture. Such a relationship could 
be due to an effect o f inter-specific competition between bacteria and also may be 
due to a species-specific antibacterial activity from the algae. This relationship was 
not evident in I. gaibana culture.
The hierarchical cluster analysis clearly established the dissimilarity in 
bacterial taxa occurring during the different phases of growth of Chaetoceros and /. 
gaibana. There was marked clustering of bacterial taxa during the initial lag phase, 
early log phase and peak log phase and death phase.
The addition of the probiotic yeast S. boulardii as a single addition to 
Chaetoceros culture resulted in significantly improved algal growth rates with 
prolonged stationary period when compared to the control. The daily addition of the 
same yeast yielded very poor algal growth. Gomez-Gil et al. (2002) reported that 
Vibrio alginolyticus (strain C7b) could be cultured in the same system (F/2 media) as 
the microalgae C. muelleri without affecting the yield of either species. Other 
microalgal species {Tetraselmis chuii) have been observed to perform better when 
cultured with bacteria than when in axenic cultures (Canizares and Ontiveros, 1993; 
Suminto and Hirayama, 1997). Avendano and Riquelme (1999) compared the 
growth rates of /. gaibana with and without the addition of bacterial inhibitory 
substances (BPI) and they found no significant differences.
The treatment DA in the present study had a culture media, which was 
very rich in aerobic bacteria (up to 10^ CFU/ml) and vibrios on TCBS (up to 10^  
CFU/ml). The daily addition of Sabouraud media along with the yeast resulted in the 
formation of conjugates of media particles and algal cells, and this probably resulted 
in poor algal growth. In treatment SA where algal growth was significantly better, S. 
boulard ii could not be detected in the medium beyond Day 6. The earlier initiation of 
death phase in control culture may be due to the absence of certain organic 
compounds or growth stimulators produced by the yeast S. boulardii. However it did
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help in keeping low the total aerobic bacterial count in the medium to between 10'' 
and 10® CFU/ml as compared to control, which had counts of lO^and 10® CFU/ml. S. 
boulardii treatment as a single addition also helped to keep the vibrios In TCBS at 
lower level than control (10^ vs 10'* CFU/ml on Day 21 and nil on Day 28). How 
exactly S. boulardii could improve the Chaetoceros growth rate remains to be 
investigated. Suminto and Hirayama (1997) also observed that the total,bacterial 
population in C. gracilis, I. galbana and P. lutheri cultures was lower in the 
exponential phase when treated with the bacterial strain Flavobacterium (DN-10 
strain) than in the stationary and death phases.
Treatment SA showed 162% increase in maximum algal density over 
that o f control and delay in initiation of death phase. This result could have relevance 
In the mass culture o f Chaetoceros in hatcheries where cultures are prone to frequent 
crashes. A similar, but much smaller (46%), increase in algal densities was observed 
by Avendano and Riquelme (1999) in I. galbana when grown with a strain of Vibrio 
(C33). Suminto and Hirayama (1997) also observed much improved growth of C. 
gracilis by the addition o f a grovrth promoting bacterium Flavobacterium  sp. However 
the same bacterial species did not promote the growth of I. galbana and P. lutheri.
A comparison of the diversity indices In different treatment did not 
reveal any marked changes. However, the hierarchical cluster analysis showed 
remarkable difference between treatments. There was a marked increase in the 
similarity percentage of clusters indicating a much better discrimination of bacterial 
taxa in treatment SA as compared to control. It Is likely that such heightened 
discrimination helped in prolonging the culture in SA treatment.
Algae-bacteria interactions are complex and our understanding of the 
same is limited, but they are very important in maintaining a stable environment in 
algal culture systems. This study shows that the probiotic yeast S. boulardii can 
positively affect the growth and sustenance of Chaetoceros cultures. Besides the 
finding that one or two species of bacteria dominate the algal cultures during their log 
phase is an indication of the manipulations possible in algal culture systems to 
improve their sustenance.
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SUMMARY
CONCLUSIONS
SUMMARY AND CONCLUSIONS
Unicellular marine microalgae are cultured widely as food for larvae of 
commercially valuable fish and shellfish. The culture of microalgae requires control 
over parameters, which regulate its growth, like nutrients, light, pH, saliriity and 
temperature. The laboratory and mass culture of microalgae is highly inconsistent 
with frequent collapse o f culture due to protozoan infection, bacterial load and lack of 
appropriate environmental conditions.
Microalgal cultures are a virtual storehouse of various microorganisms, 
and therefore, by feeding marine microalgae to marine larvae, we transfer many 
potentially pathogenic microorganisms to the culture medium. The consequences are 
low sun/ival and poor quality lan/ae, besides failure of microalgal culture due-to over­
growth of microorganisms.
The objective of the present study was to investigate bacterial diversity 
in microalgal cultures, and to find out bacterial load that is transferred to marine 
larviculture systems. Further the effect o f addition of probiotic yeast to Chaetoceros 
culture on its bacterial diversity, growth and sustainability was also studied.
in the present study the flagellate Isochrysis galbana and the marine 
diatom Chaetoceros sp. were used. The probiotic yeast Saccharomyces boulardii 
was used as a probiont for this study. Standard procedures were followed for 
microalgal culture, bacterial counts and culture of probiotics. Conventional indices of 
community diversity were used to measure the diversity o f bacterial taxa in culture 
flasks. Hierarchical cluster analysis was carried out to plot similarities in bacterial 
taxa occurring during different phases of microalgal culture.
The salient find ings o f the investigation are given be low
1. Generally, more number of bacterial colonies was obsen/ed in Isochrysis 
galbana than In Chaetoceros cultures. In both these cultures, the mean total 
aerobic count was less (10^-10® CFU/ml) during the exponential and 
stationary phases than in the declining phase (10®-10^ CFU/ml) when the 
cultures were either senescent or dying.
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2. This study therefore shows that if microalgal cultures are used when they are 
in the log and stationary phase rather than in the declining phase, the 
amount of bacterial added to the larval culture medium can be reduced by 3-
4 orders of magnitude.
3. All the measures of bacterial diversity except species richness used in the 
present study showed an increasing trend with increase in algal density in 
both Chaetoceros and I. galbana cultures. Soon after the peak log phase 
these indices declined.
4. In both the algal species tested the Simpson Diversity index was at the 
maximum a t peak log phase, indicating that one or two species were 
dominating the bacterial community in the algal culture medium when the 
growth rate was high. The Margalefs species richness index showed an 
inverse proportionality with Simpson diversity in Chaetoceros culture. This 
relationship was not evident in I. galbana culture.
5. The hierarchical cluster analysis clearly established the dissimilarity in 
bacterial taxa occurring during the different phases of growth of Chaetoceros 
and /. galbana. There was marked clustering of bacterial taxa during the 
initial lag phase, early log phase and peak log phase and death phase.
6. The addition of the probiotic yeast S, boulardii as a single addition to 
Chaetoceros culture resulted in significantly (P < 0.01) improved (162% 
increase in maximum algal density) algal growth rates with prolonged 
stationary period when compared to the control. The daily addition of the 
same yeast yielded very poor algal density.
7. The addition o f the probiotic yeast S. boulardii as a single addition helped in 
keeping low the total aerobic bacterial count in the medium to between 10'* 
and 10® CFU/ml as compared to control, which had counts of 10^ and 10® 
CFU/ml. S. boulardii treatment as a single addition also helped to keep the 
vibrios in TCBS at lower level than control {10^ vs IQ'* CFU/ml on Day 21 and 
nil on Day 28). The mean total aerobic flora showed a steeply increasing 
trend in control and DA treatments, while the trend In SA treatment was that 
of slow increase.
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8. In hierarchical cluster analysis there was a marked increase in the similarity 
percentage of clusters indicating a much better discrimination o f bacterial 
taxa in treatment SA as compared to control. It is likely that such heightened 
discrimination helped in prolonging the culture in SA treatment,
45
REFERENCES
REFERENCES
Austin, B., Baudet, E. and Stobie, M., 1992. Inhibition o f bacterial fish patiiogens by 
Tetraselmis suecica. J. Fish Dis., 15: 55-61.
Austin. B. and Day, J. G., 1990. Inhibition of prawn pathogenic Vibrio spp by a 
commercial spray-dried preparation of Tetraselmis suecica. Aquaculture, 90; 
389-392.
Austin, B,, Stuckey, L. F., Robertson, P. A. W., Effendi, (. and Griffith, D. R. W., 1995.
A probiotic strain of Vibrio alginolyticus effective in reducing diseases caused 
by Aeromonas salmonicida, Vibrio anguillarum and Vibrio ordalii. J. Fish Dis 
18: 93-96.
Avendano, R. E. and Riquelme, C. E., 1999. Establishment of mixed- culture 
probiotics and microalgae as food for bivalve larvae. Aqua. Res., 30: 893-900.
Bardach, J. E.. Ryther, J. H. and Mclarney, W. 0., 1972. Aquaculture. The farming 
and husbandry of freshwater and marine organism. Wiley-lnterscience, New 
York, 686 pp.
Bell, H. W., Lang, J. M. and Mitchell, R., 1974. Selective stimulation of marine 
bacteria by extracellular products. Limnology and Oceanography, 19: 833-839.
Belly, R. T., Tansey, M. R. and Brock, T. D., 1973. Algal excretion of ’ '’C-labeled 
compounds and microbial interactions in Cyanidium caldarium mats. J. Phycol., 
9:123-127.
Bergh, 0., 1995. Bacteria associated with early life stages of Halibut, Hippoglossus 
hippoglossus L., inhibit growth of a pathogenic Vibrio sp. J. Fish Dis., 18: 93-96.
Bergh,0., Naas, K. and  Harboe, T., 1994. Shift in the intestina) microflora o f Atlantic 
halibut {Hippoglossus hippoglossus) during first feeding. Can. J. Fish. Aquat. 
Sci., 51: 1899-1903.
Berland, B. R., Bianchi, M. G. and Maestrini, S. Y., 1969. Etude des bacteries 
associees aux algues marines en culture. 1. Determination preliminaire des 
especes. Mar. Biol., 2: 350-355.
Berland, B. R.. Bonin, D. J. and Maestrini, S. Y., 1970. Study of bacteria associated 
with marine algae In culture. 3. Organic substances supporting growth. Mar. 
Biol., 5: 68-76.
Borowitzka, M. A.. 1995. Microalgae as sources of pharmaceuticals and other 
biologically active compounds. J. Appl. Phycol., 7: 3-15.
Brock, T. D. and Clyne, J., 1984. Significance of algal excretory products for growth 
of epilimnetic bacteria. Appl. Env. Microbiol., 47: 731-734.
46
Buts, J. P., Ge’rard, C. and Delmee, M., 1993. Saccharomyces boulardii for 
Clostndium diffic ile  associated enteropathies In Infants. Journal o f  Pediatric 
Gastroenterology and Nutrition. 16; 419-425.
^Canizares-Villanueva, A. and Ontivercs-Arredondo, C., 1993. Comportamiento 
cinetico da un cultivo mixto de la microalga marina Tetraselmis chu ii Y dos 
bacterias. Rev. Invest. Mar., 14: 86-91
Cole, J. J.. 1982. Interaction between bacteria and algae in aquatic ecosystems. Ann. 
Rev. ECO/. Syst., 13: 291-314.
*ColweII, R. R., 1984. Vibrios in the Environment. John W iley and Sons, New York.
•Conway, P. L., 1989. Lactobacilli: Fact and fiction. In: The regulatory and protective 
role of the normal microflora (ed. by R. Grubb, T. Midvet and E. Norin), pp. 263- 
281. Macmillan Press , London.
Czerucka, D., Roux, I. and Rampal, P., 1994. Saccharomyces boulardii inhibits 
secretagogue-medlated adenosine 3’-5’-cyclic monophosphate induction 
intestinal cells. Gastroenterology, 106; 65-72.
De Pauw, N. and Pruder, G., 1981. Use and production of microalgae as food in 
aquaculture: practices, problems and research needs. In: M ..B ilio , H. 
Rosenthal and C.J. Sindermann (eds,), Realism in Aquaculture: 
Achievements, Constraints, perspectives. European Aquaculture Society, 
Bredene, Belgium, pp. 77-106.
Delucca, R. and McCracken, M.O., 1978. Observation on interaction between 
naturally collected bacterial and several species of algae. Hydrobiologia, 55: 
71-75.
•Disalvo, L., 1991. Vibriosis y problemas de cultivo del Ostion {Argopecten 
purpuratus). In: IV Congreso Latinoamericano de Cienclas del Mar. Coquimbo- 
Chile. 172pp.
Duff, D. C. B., Bruce, D. L. and Anita, N. J., 1966. The antibacterial activity of marine 
planklonic algae. Can. Jour. Microbiol., 12; 877-884.
Fabregas, -J., Vazquez, -V., Cabezas, -B. and Otero, -A., 1993. Tris not only controls 
the pH in microalgal cultures, but also feeds bacteria. J. Appl. Phycol, 5: 543- 
545.
Fitt, W., Heslinga, G. and Watson, T., 1992. Use of antibiotics in the mariculture of 
giant clams. (F. tridacnidae). >^quacL///i/re, 104: 1-10.
FukamI, K., Nishijima, T. and Ishida, Y., 1991. Availability of deep seawater and 
effects of bacteria isolated from deep seawater on the mass culture of food 
microalga Chaetoceros ceratosporum. Nippon Sulsan Gakkaishi. 58: 931-936.
Fuller, R., 1989. Probiotics in man and animals. J. Appl. Bacten'ol., 66; 365-378.
47
Garriques, D. and Arevalo, G., 1995. An evaluation of the production and. use of a 
live bacterial isolate to manipulate the microbial flora in the commercial 
production o f Penaus vannamei postlarvae in Ecuador. In: Browdy, C. L., 
Hopkins, J. S. (ed.) Swimming Through Troubled Water. Proceedings of the 
special session on shrimp farming, Aquaculture ’95. World Aquaculture 
Society, Baton Rouge, pp.53-59.
Gatesoupe, F. J., 1990. The continuous feeding of turbot larvae, Scophthalmus 
maximus and control of the bacterial environment of rotifers. Aquaculture, 89: 
139-148.
Gatesoupe, F. J., 1991. The use of probiotics in fish hatcheries: Result and prospect. 
ICES. Mariculture committee paper F: 37, pp.1-6.
Gatesoupe, F. J., 1999. Review: The use of probiotics in aquaculture. Aquaculture, 
180: 147-165.
Gatesoupe, F. J., Arakawa, T. and Watanabe,T., 1989. The effect of bacterial additives 
on the production rate and dietary value of rotifers as food for the Japanese 
flounder Para/ichthys oHvaceus. Aquaculture, 83: 39-44.
Gibson, L. F., Woodworth, J. and George, A. M., 1998. Probiotic activity o f aeromonas 
media on the pacific oyster. Crassostrea gigas, when challenged with Vibrio 
tubiashii. Aquaculture, 169:11-120.
*Gomez-Gil. B., 1998. Evaluation of potential probionts for use in a penaeid shrimp 
larval culture. Ph. D thesis, The University of Sterling. 269 pp.
Gomez-Gil, B., Roque, A. and Turnbull, J., 2000. The use and selection o f probiotic 
bacteria for use in the culture of larval aquatic organisms. Aquaculture, 191: 
259-270.
Gomez-Gil, B., Roque, A. and Velasco-Blanco, G., 2002. Culture of Vibrio 
alginolyticus C7b, a potential probiotic bacterium, with the microalga 
Chaetoceros mulleri. Aquaculture, 211:43-48.
Gopinathan, C. P., 1996. Live food culture microalgae. Bull. Cent. Mar. Fish. Res. 
Ir)s t,48 :110-116.
Griffith, D. R. W., 1995. Microbiology and the role of probiotics in Ecuadorian shrimp 
hatcheries. In: Lavens, P., Jaspers. E.. Roelands, I. (ed.), Larvi’ 91-Fish and 
crustacean Larviculture Symposium. European Aquaculture society, Gent, 
p.478. Special publication no. 24.
‘ Hansen, G., 1993. Bacteriology of early life stages of marine fish, with special 
reference to aquaculture of new cold water species. Thesis, University of 
Bergen. Bergen, Nonvay.
Hattori, T., 1985. Kinetics of colony formation of bacteria: An approach to the basis of 
the plate count method. Rep. Inst. Agricult Res., 34: 1-36.
48
‘ Hellebust, J. A., 1974. Extracellur products. In: Algal physiology and Biochemistry (ed. 
By W.D.P. Stewart), BJackwell Scientific, London. Pp.838 -863.
Imai, I., Ishida, Y., Sawayama, S. and Hata, M., 1991. Isolation of mariae gliding 
bacterium that kills Chattonella antiqua (Raphydophyceae). Nippon Suisan 
Gakkaishi, 57: 1409.
Keilum, S. J. and Walker, J. M., 1989. Antibacterial activity from marine microalgae in 
laboratory culture. British PhycologicalJournal, 24: 191-914.
Klein, S.M., Elmer, G. W.. McFarland, L. V., Surawicz, C. M. and Levy, R. H., 1993. 
Recovery and elimination of the biotherapeutic agent, Saccharomyces 
boulardii, in healthy human volunteers. Pharmaceutical Research 10, (11) 
1615-1619.
Kogure, K., Simidu, U. and Tags, N., 1979. Effect of Skefetonema costatum  (Grev.) 
Cleve on the growth of marine bacteria. Journal o f  Experimental B iology and 
Ecology, 36: 201:215.
Laing, I. 1991. Cultivation of marine unicellular algae. Lab. Leaf. Maff. D ire c t Fish. 
Res., Lowestoft (67):31p.
‘ Lizarraga-Partida, M., Montoya-Rodriguez, L. and Gentrop-Funes, V., 1997. The use 
of bacterial counts in two Mexican shrimp hatcheries. C/enc. Mar., 23: 129-140.
*Lodeiros, C., Campos, Y. and Marin, N., 1991. Produccion de antibioticos por la flora 
bacteriana asociada a monocultivos microalgales de utilidad en la acuicultura. 
Society Natural Science La Salle, Tomo Li 135-236, 213-223.
McFarland, L. V., Bernasconi, P., 1993. Saccharomyces boulardii: A Review of an 
Innovative biotherapeutic agent. Microbial Ecology in Health and Diseases, 6: 
157-171.
*Mitsutani, A., Takesue, K., Kirita, M. and Ishida, Y., 1992. Lysis of Skeletonema 
costatum by Cytophaga sp. Isolated from the coastal waters of the Ariake Sea. 
Nippon Suisan Gakkaishi, 58: 2159-2169.
Munro, P. D., Barbour, A. and Birkbeck, T. H., 1994. Comparison of the gut bacterial 
flora of start -  feeding larval turbot reared under different conditions. J. Appl. 
Bacterial., 77: 560-566.
Munro, P. D., Barbour, A. and Birkbeck, T. H., 1995. Comparison of the growth and 
survival and larval turbot in the absence of culturable bacteria with dose in the 
presence o f Vibrio anguillanjm. Vibrio alginolyticus or a marine Aeromonas sp., 
Appl. Env. Microbiol, 61: 4425-4428.
Munro, P. D., McLean, H. A.. Barbour, A. and Birkbeck, T. H., 1995b. Stlmu/atlon or 
inhibition o f growth of the unicellular alga Pavlova lutheri by bacterial isolated 
from larval turbot. J. appl. Bacteriol., 79: 519-524.
49
•Navarro, R., Sturla, L., Cordero, O. and Avendano, M., 1991. Fisheries and 
aquaculture: Chile. In: Scallops, Biology, Ecology and Aquaculture (ed. S.E. 
Shumway). Pp. 1001-1015. Elsevier Science Publishers, New York.
Naviner, M.. Berge, J. P.. Durand, P. and Le Bris, H., 1999. Antibacterial activity of the 
marine diatom Skeletonema costatum against aquacultural pathogens. 
Aquaculture, 174: 15*24.
*Okauchi. M., 1991. The status of phytoplankton production as food organisms in 
Japan. In: W. Fulks and K. L. Main (eds), Proceedings of a U.S.-Asia 
workshop, Rotifer and Microalgae culture systems. The oceanic Institute, 
Honolulu: 247-256.
Olsson. J. C., Westerdahl, I., Conway, P. and Kjelleber, S., 1992. Intestinal 
colonization potential of turbot {Scophthalmus maximus) and dab {Limanda 
iimanda) associated bacteria with Inhibitory effects against Vibrio anguiHarum. 
Appl. Env. Microbiol., 58: 551-556.
Patra, S. K; and Mohamed, K. S., 2003. Enrichment of Artemia nauplii with the 
probiotic yeast Saccharomyces boulardii and its resistance against a pathogenic 
Vibrio. Aquaculture International. (In press)
Pesando, D., 1990. Antibacterial and antifungal activities of marine algae. In: I 
Akatsuka (ed.). Introduction to Applied Phycology, pp. 3-26.
Pillay, T. V. R., 1993. Aquaculture, Principles and practices, pp. 575 Oxford: Fishing 
News Books, Blackwell Science.
Pirt, S. J., 1967. A  kinetic study of the mode of growth o f surface colonies of bacteria 
and fungi. Journal of General Microbiology, 47: 181-197.
Pothoulakis, C., Kelly, C. P., Joshi, M. A., Gao, N., O’Keane, C. J., Castagliuolo, I. 
and Lamont, J. T., 1993. Saccharomyces boulardii inhibits Clostridium difficile 
toxin A binding and enterotoxldty In rat ileum. Gastroenterolgy, 104: 1108- 
1115.
Reitan, K. I., Rainuzzo, J. R. and Olsen, Y., 1994. Effect o f nutrient limitation on fatty 
acid and lipid contents of marine microalgae, J. Phycol., 30: 972-979.
Reitan, K. I., Rainuzzo, J. R., 0ie, G. and Olsen, Y., 1993. Nutritional effects of algal 
addition in first feeding o f tubot {Scophthalmus maximus L.) larvae. 
Aquaculture, 118: 257-275.
*Rico-mora, R., and Voltolina, D., 1995. Bacterial interactions in Skeletonema 
costatum Cleve (Bacillariophyceae) cultures. Rivista italiana de Acquacoltura. 
30:105-109.
Riquelme, C., Araya, R., Vergara, N.. Rojas, A., Guaita, M.. Candia, M., 1997. 
Potential probiotic strains in the culture of the Chilean scallop Argopecten 
purpuratus (Lamarck 1819). Aquaculture, 154: 17-26.
50
Riquelme, C., Hayashida, G., Araya, R., Uchida, A., Satomi, M. and Ishida, Y.,1996. 
Isolation o f a native bacterial strain in the scallop Argopecten purpuratus with 
inhibitory effects against pathogenic Vibrios. J. Shellfish Res., 15: 369-374.
Riquelme, C., Hayashida, G., Toranzo, A. E., Vilches, A. and Chavez, P., 1995b. 
Pathogenicity studies of a Vibrio anguillarum related (VAR) strain causing an 
epizootic in Argopecten purpuratus cultured in Chile. Dis. Aquat. Org.t 22:135- 
141.
Riquelme. C., Hayashida, G., Vergara, N., Vasquez, A., Morales, Y. and Chavez, P., 
1995a. Bacteriology of the scallop Argopecten purpuratus (Lamarck,1819) 
cultured in Chile. Aquaculture, 138: 49-60.
‘ Riqueime, C. E., Fukami, K. and Ishida, V., 1988. Effects of bacteria on the growth 
of a marine diatom, Asterionella glacialis . Bull. Jap. Soc. Microbial. Ecol., 3; 
29 -  34.
Robert, R., Miner, P. and Nicolas. J. 1., 1996. Mortality control of scallop larvae in 
hatchery. Aquaculture International,,4: 205-312.
*Ruiz, C. M., Roman and Sanchez, J. L., 1995. Effects of three different marine 
bacteria strains on larvae cultures of Pecten maximus. In: 10 th International 
Pectinid Workshop (ed. byG. Burnell), pp. 113-115. Ireland.
Sakata, T., 1990. Occurrence of marine Saprospira sp. possessing algicidal activity 
for diatoms. Nippon Suisan Gakkaishi, 56:1165.
Sakata, T., Fujita, Y. and Yasumoto, H., 1991. Plaque formation by algicidal 
Saprospira sp. on a lawn of Chaetoceros ceratosporum. Nippon Suisan 
Gakkaishi, 57: 1147-1152.
Salvesen, I. and Vadstein, 0.. 2000. Evaluation of plate count methods for 
determination o f maximum specific grov/th rate in mixed microbial 
communities, and its possible application for diversity assessment. J. Appl. 
Microbial., 88; 442-448.
Salvesen, I., Reitan, K. I., Skjermo. J., and 0ie, G., 2000. Microbial environments in 
marine larviculture: Impacts o f algal growth rates on the bacterial load in six 
microalgae. Aquaculture International, 8: 275-287.
Salvesen, I., Skjermo, J. and Vadstein, O., 1999. Grov/th of turbot {Scophthalmus 
maximus) during first feeding in relation to the proportion of r/k-strategists in 
the bacterial community of the rearing water. Aquaculture, 175: 337-350.
*Sarti, M. and Giorgetti, G., 1988. Terapia y profilaxis en ictiopatologia. In: Patologia 
en Acicultura. CAICYT Ind. Graf., Spain.
*Servais, P. and Billen, G., 1993. Dynamics of heterotrophic bacteria in aquatic 
system: the HSB model. In: Trends in microbial Ecology (ed. By G. and C. 
Pedros-Alio), Spanish Society for Microbiology publisher, Barcelona, pp. 397- 
400.
51
Skjermo. J., Vadstein, O., 1993a. Characterization of the bacterial flora of mass 
cultivated B ra c h io n u s  plicatilis. Hydrobiologia, 255/256: 185-191.
St0ttrup, J. G., Gravningen, K., Norsker, N. H., 1995. The role of different algae in 
the growth and survival of turbot larvae {Scophthalmus maximus L.) in 
intensive rearing systems. ICES Mar.Sci. Symp., 201: 173-186.
Suminto and Hirayama, K., 1993. Relation between diatom growth and bacterial 
population in semi mass culture tanks of diatom. Bull. Fac. Fish., Nagasaki 
University 74/75; 37 -  41.
Suminto and Hirayama, K., 1996. Effects of bacterial coexistence on the growth of a 
marine diatom Chaetoceros gracilis. Fish. Sci., 62: 40 -  43.
Suminto and Hirayama, K., 1997. Application of growth promoting bacteria for stable 
mass culture of three marine mtcroalgae. Hydrobiologia, 358: 223-230.
Surendran, P. K., Gopakumar, K.,1981. Selecton o f bacterial flora in the Jce 
chlortetracydine treated oil sardine {Sardinella longiceps) Indian mackerel 
{Rastrelliger kanagurta) and prawn {Metapenaeus dobsoni) during ice storage. 
Fish. Technol., 18:133-141.
Tubiash, H. S., Chanley, P. E. and Leifson, E., 1965. Bacillary necrosis, a disease of 
larval and juvenile bivalve molluscs. I. Etiology and epizootiology. J. Bactehoi, 
90:1036-1044.
Vela, G. R., and Guerra, C. N., 1966. On the nature o f mixed cultures of Chlorella 
pyrenoidosa TX 71105 and various bacteria, J. Gen. Microbiol., 42: 123-131.
Visco, A. C., Pesando, D. and Baby, C., 1987. Antibacterial and antifungal properties 
of some marine diatoms. Botanica Marina, 30: 41-45.
Westerdahl, I., Olsson. J., Kjelleberg, S. and Conway, P., 1991. Isolation and 
characteization of turbot (Scophthalmus maximus) associated bacteria with 
inhibitory effects against Vibrio anguillarum. Appf. and  Env. Microbiol., 57: 2223- 
2228.
Whittaker, R. H. and Feeny, P. P., 1971. Allelochemics: chemical interactions between 
species. Science, 171:757-770.
Wikfors, G. H. and Ohno, M., 2001. Impact of algal research in aquaculture. Journal of 
phycology, 37: 968-974.
*Wyban, J. A  and Sweeney, J. N., 1991. Intensive Shrimp Production Technology. 
The Oceanic Institute. Honolulu, 185 pp.
* Not referred in original
52
